The concept of a CO 2 selective water gas shift (WGS) membrane reactor has been modeled and simulated by a one-dimensional reactor and transport process in the membrane. The model was used to investigate the effect of temperature, total pressure, membrane thickness and area on the reactor performance. A Silicalite-1 membrane was considered to be integrated with the WGS reactor. The mass transport through the membrane was described by surface diffusion. Air was used as sweep gas on the permeate side of the membrane. The catalytic WGS kinetics were for a commercial Cu/ZnO catalyst for the lower-temperature WGS reaction. The WGS membrane reactor was sized to produce H 2 sufficient for the production of 10 kW electrical power from a fuel cell. The modeling and simulation results showed that the WGS membrane reactor with a silicalite-1 membrane was capable of decreasing the CO concentration to about 675 ppm which is 70% less than that achievable at equilibrium conversion, but it would come at the cost of unacceptable H 2 loss. Based on a minimum target of H 2 loss, the optimum outlet CO concentration achieved by the silicalite-1 membrane reactor was about 1310 ppm, under a range of limited conditions. The modeling study showed that both the WGS reaction rate and the CO 2 /H 2 selective permeation played an important role on the overall reactor performance.
INTRODUCTION
A fuel processor for hydrogen production for a Polymer Electrolyte Membrane (PEM) fuel cell might consist of the following parts; a reforming reactor, one or more water-gas shift (WGS) reactors and finally a preferential CO oxidation (PrOx) reactor. The WGS and PrOx reactors comprise a clean-up process that reduces the CO concentration in the reformate gas, because CO poisons the platinum electrocatalyst of the fuel cell.
The CO concentration must be reduced to at The WGS converts CO in the synthesis gas from the reformer and generates more A schematic of the membrane reactor considered here is shown in Figure 1 
Where n is molar flowrate, P is total pressure, is catalyst bulk density and K T the expression for the equilibrium constant (Salmi and Hakkarainen, 1989 ) for the WGS reaction, which is a function of temperature T,
The schematic drawing of the mass balance in the membrane reactor is depicted in Figure 2 .
Based on the reactor mass balance and considering an isothermal process, the molar flow rate of each component can be expressed as:
Where w is weight of the catalyst, A s is the area of the membrane per catalyst mass and J i is molar flux. dimensional matrix form,
The occupancy  i is defined by the adsorption equilibrium expression
where the elements of the matrix [B] were
Based on the Vignes empirical approach, for estimating the molecule interaction diffusivities , the following logarithmic interpolation is used,
and the temperature dependence of the surface diffusion coefficient is expressed as,
An ODE solver in Matlab 6.5 was used to solve the differential equations of the membrane reactor model while the method of lines was used to resolve the mass transport through the membrane.
RESULTS AND DISCUSSION
Reference case for silicalite-1 membrane reactor simulation 
We have chosen a minimum acceptable condition as when the H 2 flow out from the membrane reactor is similar to the H 2 in the feed which corresponds to an H 2 recovery of about 78% for the reference case conditions.
The results of the simulation of the membrane reactor at the reference case conditions are presented in Table 3 , Figure 3 
the CO 2 /H 2 separation factor was found to be higher than unity as depicted later in Figure 6 with the 180ºC curve.
Effect of temperature
To study the effect of temperature on the selective, over the temperature range studied.
Effect of reactor total pressure
The total reactor pressure values of 1, 2, 3, is based on the surface diffusion mechanism will increase if the total pressure increases because the driving force for diffusion is increased. The H 2 recovery was found to vary between 75 to 95% which still within a tolerable range. As depicted in Figure 7 , the outlet CO concentration decreased drastically from the reactor total pressure of 1 to 2 atm, and continued to decreased, but at a lower rate from 2 to 5 atm. Considering costs for gas compression and the fact that the outlet CO concentration decreases less beyond 2 atm, but with the same reduction in the H 2 recovery, setting the reactor total pressure at 2 atm is a reasonable choice.
Effect of catalyst mass
The catalyst mass was varied from 1 to 6 kg while all other parameters were kept constant at the reference case settings. 
Effect of membrane thickness
The membrane thickness was varied from 10 to 60 µm to study its effect on the membrane reactor performance. The other parameters for the reference case were kept constant. Figure 9 illustrates the effect of It is also evident from the results in Figure 9 that the increase in the CO 2 T : temperature, °C. 
